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ORGANIC ELECTROLUMINESCENT 
DEVICE 

This application claims priority to and the bene?t of 
Korean Patent Application No. 10-2004-0059738, ?led on 
Jul. 29, 2004, in the Korean Intellectual Property Of?ce, the 
disclosure of Which is incorporated herein in its entirety by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an organic electrolumines 
cent device With improved luminous e?iciency. 

2. Description of the Related Art 

Organic electroluminescent devices are self-emissive 
devices that emit light When a current is applied to a ?uores 
cent or phosphorescent organic layer and electrons and holes 
combine in the organic layer. Organic electroluminescent 
devices have many advantages including being lightWeight, 
easy to manufacture, and having high resolution and Wide 
vieWing angles. Further, organic electroluminescent devices 
can display moving pictures With high color purity, and have 
loW poWer consumption and loW driving voltage. These 
advantages make organic electroluminescent devices suitable 
for use in portable electronic devices. 

An organic electroluminescent device may include an 
organic layer such as a hole transport layer, an emission layer, 
an electron transport layer, and the like. The thickness of an 
organic layer determines the ef?ciency, driving voltage, and 
color coordinate of the organic electroluminescent device. 

As the thickness of the emission layer increases, an organic 
electroluminescent device that includes the emission layer 
has increased ef?ciency. At the same time, hoWever, the driv 
ing voltage of the organic electroluminescent device also 
increases. 

SUMMARY OF THE INVENTION 

The present invention provides an organic electrolumines 
cent device that has a high e?iciency, a loW driving voltage, an 
excellent color coordinate, and a long lifetime. 

Additional features of the invention Will be set forth in the 
description Which folloWs, and in part Will be apparent from 
the description, or may be learned by practice of the inven 
tion. 

The present invention discloses an organic electrolumines 
cent device that includes an organic layer that is formed 
betWeen a pair of electrodes. The organic layer is an electron 
transport layer that comprises an electron transport material 
and a blue emission material. 

The present invention also discloses an organic electrolu 
minescent device that comprises a ?rst electrode, an emission 
layer formed on the ?rst electrode, and an electron transport 
layer comprising an electron transport material and a blue 
emission material that is formed on the emission layer. The 
device also includes a second electrode that is formed on the 
electron transport layer. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion serve to explain the principles of the invention. 

FIG. 1 illustrates the structure of an organic electrolumi 
nescent device according to an exemplary embodiment of the 
present invention. 

FIG. 2 illustrates the structure of an organic electrolumi 
nescent device according to another exemplary embodiment 
of the present invention. 

FIG. 3 illustrates the structure of an organic electrolumi 
nescent device according to another exemplary of the present 
invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

An electron transport layer of an organic electrolumines 
cent device according to an exemplary embodiment of the 
present invention includes an electron transport material and 
a blue emission material such as a blue phosphorescent or 

?uorescent host. 

An organic electroluminescent device according to an 
exemplary embodiment of the present invention comprises an 
electron transport layer comprising an electron transport 
material and a blue emission material. The blue emission 
ef?ciency and lifespan of the organic electroluminescent 
device increase While ef?ciency in red and green ranges, 
driving voltage, and a color coordinate of the organic elec 
troluminescent device are not changed. 

Color coordinate characteristics depend on the thickness of 

an organic layer that emits blue light in an organic electrolu 
minescent device. When the electron transport layer com 

prises an electron transport material and a blue emission 

material, the organic electroluminescent device including the 
electron transport layer has excellent blue emission e?iciency 
and a long lifespan. In particular, the electron transport layer 
produces blue and green light more e?iciently, has a loWer 

driving voltage, better color coordinate characteristics, and a 
longer lifespan than an electron transport layer comprising an 
electron transport material alone. 

The electron transport layer according to the present 
embodiment may include 30 Wt % to 70 Wt % of the blue 
emission material based on the total Weight of the electron 
transport material. When the concentration of the blue emis 
sion material is less than 30 Wt %, the use of the electron 
transport layer has little effect. When the concentration of the 
blue emission material is more than 70 Wt %, the driving 
voltage increases. 
The electron transport material of the present invention has 

greater electron mobility than hole mobility. The electron 
mobility is in the range of 1x10‘3 to 1x10‘5 cm2/V s and the 
hole mobility is in the range of 1 x10“5 to 1x10“7 cm2/V s. The 
electron transport material may include but is not limited to 
Alq3, PBD, TAZ, BND, DV, and OXD, Which are represented 
by the folloWing chemical structures: 
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The blue emission material has a maximum absorption 60 

Wavelength (kmax) of 400 nm to 500 nm. Examples of the 
blue emission material may include but are not limited to 

Spiro-DPVBi, Compound (A), Flrpic, CZTT, anthracene, 
TPB, PPCP, DST, TPA, OXD-4, BBOT, AZM-Zn, and Com- 65 CH3 
pound (B) Which are represented by the following chemical TPA 
structures: 
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-continued 

compound (A) 
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-continued 

oooQ Q0 
@ 
@ 

Compound B 

In addition, the compounds disclosed in Japanese Patent 
Laid-Open Publication 2000-192028, 2000-191560, 2000 
48955, and 2000-7604, Japanese Patent No. Hei. 10-11063, 
and U.S. Pat. No. 6,591,636, Which are incorporated into the 
present invention by reference may also be used as the blue 
emission material of the electron transport layer. 
The electron transport layer may be about 150 A to 600 A 

thick. When the electron transport layer is less than 150 A 
thick, the lifespan of the organic electroluminescent device 
decreases. When the electron transport layer is more than 600 
A thick, the driving voltage of the organic electroluminescent 
device increases. 

FIG. 1 illustrates the structure of an organic electrolumi 
nescent device according to an exemplary embodiment of the 
present invention. 

Referring to FIG. 1, the organic electroluminescent device 
includes a ?rst electrode, an emission layer (EML), an elec 
tron transport layer (ETL), and a second electrode that are 
stacked on a substrate. 

FIG. 2 illustrates the structure of an organic electrolumi 
nescent device according to another exemplary embodiment 
of the present invention. 
The organic electroluminescent device of FIG. 2 differs 

from the organic electroluminescent device of FIG. 1 in that a 
hole transport layer (HTL) may also be formed betWeen the 
?rst electrode and the EML. 

FIG. 3 illustrates the structure of an organic electrolumi 
nescent device according to another exemplary embodiment 
of the present invention. 
The organic electroluminescent device of FIG. 3 differs 

from the organic electroluminescent device of FIG. 2 in that a 
hole injection layer (HIL) may also be formed betWeen the 
?rst electrode and the HTL. In addition, an electron injection 
layer (EIL) may also be formed betWeen the ETL and the 
second electrode. 
A method of fabricating an organic electroluminescent 

device according to an exemplary embodiment of the present 
invention Will noW be described With reference to FIG. 1, FIG. 
2, and FIG. 3. 
The substrate is any Workable substrate that may be used in 

an organic electroluminescent device such as a glass substrate 
or a transparent plastic substrate that is transparent and Water 
proof, has a smooth surface, and can be easily treated. An 
upper surface of the substrate is coated With an anode material 
to form an anode Which is used as a ?rst electrode. The anode 
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may comprise a transparent and highly conductive material 
such as lndium Tin Oxide (ITO), lndium Zinc Oxide (IZO), 
SnO2, and ZnO, for example. 

After the anode is formed, a hole injection layer material 
may optionally be vacuum-thermal deposited on the anode to 
form a hole injection layer. Alternatively, the anode is option 
ally spin-coated With the hole injection layer material to form 
the hole injection layer. The hole injection layer material may 
comprise copper phthalocyanine (CuPc), a starburst-type 
amine such as TCTA, m-MTDATA, or H1406 (from ldemitZ 
Co.) and the like. The hole injection layer may be in the range 
of 300 A to 1500 A thick. When the hole injection layer is less 
than 300 A thick, the lifespan and reliability of the organic 
electroluminescent device decrease. When the hole injection 
layer is greater than 1500 A thick, the driving voltage of the 
resulting device increases. 

After the hole injection layer is formed, a hole transport 
layer material may be vacuum-thermally deposited on the 
hole injection layer to form a hole transport layer. Alterna 
tively, the hole injection layer may be spin-coated With the 
hole transport material to form the hole transport layer. The 
hole transport layer may be in the range of 100 A to 700 A 
thick. When the hole transport layer is less than 100 A thick, 
the hole transporting ability deteriorates. When the HTL is 
more than 700 A thick, the driving voltage of the resulting 
device increases. 

The hole transport layer material may comprise but is not 
limited to N, N'-bis(3-methylphenyl)-N, N'-diphenyl-[l,l 
biphenyl]-4,4'-diamine (TPD), N, N'-di(naphthalene-l -yl) 
N, N'-diphenylbenZidine (ot-NPD), and IDE320 (from 
ldemitZ Co.). 

After the hole transport layer is formed, an emission layer 
may be formed on it. An emission layer material used to emit 
blue light may comprise an oxadiaZole dimer dye (Bis 
DAPOXP), a spiro compound (Spiro-DPVBi, Spiro-6P), a 
triarylamine compound, bis(styryl)amine (DPVBi, DSA), a 
Compound (A), Flrpic, CZTT, Anthracene, TPB, PPCP, DST, 
TPA, OXD-4, BBOT, orAZM-Zn, for example. An emission 
layer material used to emit green light may be Coumarin 6, 
C545T, Quinacridone, or lr(ppy)3, for example. An emission 
layer material used to emit red light may be DCMl, DCM2, 
Eu(thenoyltri?uoroacetone)3 (Eu(TTA)3), or butyl-6-(l,l,7, 
7,-tetramethyljulolidyl-9-enyl)-4H-pyran (DCJTB), for 
example. The emission layer may be in the range of 200 A to 
600 A thick. When the emission layer is less than 200 A thick, 
the lifespan of the device decreases. When the emission layer 
is more than 600 A thick, the driving voltage of the resulting 
device increases. 

After the emission layer is formed, an electron transport 
material and a blue emission material may be vacuum depos 
ited on the emission layer to form an electron transport layer. 
Alternatively, the emission layer is spin-coated With the elec 
tron transport material and the blue emission material to form 
the electron transport layer. The thickness of the electron 
transport layer may be the same as described above. 

Optionally, a hole blocking layer may be formed betWeen 
the emission layer and the electron transport layer. In order to 
form the hole blocking layer, a hole blocking material is 
vacuum deposited betWeen the emission layer and the elec 
tron transport layer, or the emission layer is spin-coated With 
the hole blocking material. The hole blocking material may 
have an electron transporting ability and an ioniZation poten 
tial that are greater than the ioniZation potential of the emis 
sion material. The hole blocking material may be Balq, BCP, 
TPBI, or the like. The hole blocking layer may be in the range 
of 10 to 200 A thick. When the thickness of the hole blocking 
layer is less than 10 A, the hole blocking ability is loW, Which 
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8 
is undesirable. When the hole blocking layer is more than 200 
A thick, the driving voltage increases substantially. 

BCP 

N 

N \ N 

/ 
N N 

TPBI 

Optionally, an electron injection layer may be formed on 
the electron transport layer or the hole blocking layer. The 
electron injection layer may comprise LiF, NaCl, CsF, Li2O, 
BaO, Liq, for example. The electron injection layer may be in 
the range of 5 A to 20 A thick. When the electron injection 
layer is less than 5 A thick, an electron injecting ability 
decreases. When the electron injection layer is greater than 20 
A thick, an electron injection ability is loW. 
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After the electron injection layer is formed, a cathode metal 
is vacuum-thermal deposited on the electron injection layer to 
form a cathode, Which is a second electrode. The cathode 

metal may comprise Li, Mg, Al, AliLi, Ca, MgiIn, or 
MgiAg, for example. 

The present invention Will noW be described in further 

detail With reference to the following examples. The folloW 
ing examples are for illustrative purposes and are not intended 

to limit the scope of the present invention. 

EXAMPLE 1 

First, a glass substrate With an ITO electrode (from Com 

ing Co., surface resistance 15 Q/cm2, thickness 1200 A), used 
as an anode, Was cut to a siZe of50 mm><50 mm><0.7 mm. The 

glass substrate Was cleaned using ultrasonic Waves in isopro 
pyl alcohol for 5 minutes, cleaned using ultrasonic Waves in 
pure Water for 5 minutes, and cleaned using UV light and 
oZone for 30 minutes. 

Next, IDE406 (from IdemitZ Co.) Was vacuum-deposited 
on the glass substrate to form a 600 A thick hole injection 

layer. Subsequently, NPB Was vacuum-deposited on the hole 
injection layer to form a 200 A thick hole transport layer. 

Then, about 98 Wt % of a compound represented by Com 
pound B (blue host) and about 2 Wt % of BD102 (a blue 
dopant, from IdemitZ Co.) Were deposited on the hole trans 
port layer to form a 300 A thick emission layer. Subsequently, 
50 Wt % of Alq3 used as an electron transport material and 50 

Wt % of the compound represented by Compound B used as a 
sky blue emission material Were co-deposited on the emission 

layer to form a 250 A thick electron transport layer. 

LiF Was vacuum-deposited on the electron transport layer 

to a thickness of 10 A to form an electron injection layer and 

Al Was deposited on the electron injection layer to a thickness 

of 1000 A to form a cathode, thereby forming a LiF/Al elec 
trode. 

EXAMPLE 2 

An organic electroluminescent device Was fabricated in the 

same manner as in Example 1, except that a deep blue emis 

sion material Was used to form the electron transport layer 

instead of the compound represented by Compound B. 

EXAMPLE 3 

An organic electroluminescent device Was fabricated in the 

same manner as in Example 1, except that the hole injection 

layer comprised MTDATA, the hole transport layer com 
prised IDE320, and the emission layer comprised BH-013X 
(from Idemitsu Co.) as a blue host. 

COMPARATIVE EXAMPLE 1 

An organic electroluminescent device Was fabricated in the 

same manner as in Example 1, except that the electron trans 

port layer comprised only Alq3 as the electron transport mate 
rial, Without the sky blue emission material. 
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COMPARATIVE EXAMPLE 2 

An organic electroluminescent device Was fabricated in the 

same manner as in Example 1, except that the electron trans 

port layer comprised only the electron transport material 
Without the sky blue emission material. 

The driving voltage, luminance, e?iciency, and color coor 
dinate of the organic electroluminescent devices fabricated 

according to Example 1 and Example 2, and Comparative 
Example 1 and Comparative Example 2 Were measured. The 
results are shoWn in Table 1. 

TABLE 1 

Voltage Luminance Ei?ciency Color coordinate 
(V) X y 

Example 1 7.80 13015 13.01 0.167 0.284 
Comparative 8.29 1115 11.11 0.168 0.286 
Example 1 
Example 2 7.53 5951 5.95 0.147 0.130 
Comparative 7.75 5230 5.23 0.147 0.138 
Example 2 

Referring to Table 1, the organic electroluminescent device 
of Example 1 emitted skyblue light, had a loW driving voltage, 
high luminance, high ef?ciency, and excellent color coordi 
nate characteristics When compared to the organic electrolu 

minescent device of Comparative Example 1. The organic 
electroluminescent device of Example 2 emitted deep blue 

light, had a loW driving voltage, high luminance, high e?i 
ciency, and excellent color coordinate characteristics com 

pared to the organic electroluminescent device of Compara 
tive Example 2. 

In addition, the organic electroluminescent devices of 
Example 1 and Example 2 had a similar driving voltage, 

luminance, ef?ciency, color coordinates. 

It Will be apparent to those skilled in the art that various 

modi?cations and variation can be made in the present inven 

tion Without departing from the spirit or scope of the inven 

tion. Thus, it is intended that the present invention cover the 

modi?cations and variations of this invention provided they 
come Within the scope of the appended claims and their 

equivalents. 

What is claimed is: 

1. An organic electroluminescent device comprising: 

a ?rst electrode; 

a hole transport layer formed on the ?rst electrode; 

an emission layer formed on the hole transport layer; 

an electron transport layer comprising an electron transport 
material and a blue emission material formed on the 
emission layer; and 

a second electrode formed directly on the electron trans 
port layer, 

Wherein the blue emission material comprises a compound 
represented by the folloWing chemical structure: 
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-continued 
Compound (B) 

oooe ©© 
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OXD 

15 

3. The organic electroluminescent device of claim 1, 
Wherein the electron transport layer is in the range of 150 A 

to 400 A thick. 

20 4. The organic electroluminescent device of claim 1, fur 
ther comprising: 

and a layer selected from the group consisting of a hole injec 
Wherein the electron transport layer includes 30 Wt % to 70 tton layer and a hole blocking 1ayer~ 

Wt % of the blue emission material based on the Weight 5- The Organic electroluminescent deViee of Claim 1, 
of the electron transport material. 25 Wherein a hole injection layer or the hole transport layer is 

2. The organic electroluminescent device of claim 1 formed between the ?rst electrode and the emission 
’ layer. 

Wherein the electron transport material comprises a com 
pound selected from the group consisting of the com 
pounds represented by the following chemical struc- 30 
tures: 

6. The organic electroluminescent device of claim 1, 
Wherein the electron transport layer comprises the folloW 

ing chemical structures: 

Alq3 

Compound (B) 

o0 0o 
o o 
o o 

65 7. An organic electroluminescent device, comprising: 
a ?rst electrode; 

an emission layer formed on the ?rst electrode; 
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an electron transport layer comprising an electron transport 
material and a blue emission material formed on the 

emission layer; and 
a second electrode formed directly on the electron trans 

port layer, 
Wherein the blue emission material comprises a compound 

represented by the following chemical structure: 

o@ @o 
o o 
o o 

and 

Wherein the electron transport layer includes 30 Wt % to 70 
Wt % of the blue emission material based on the Weight 
of the electron transport material. 

8. The organic electroluminescent device of claim 7, 

Wherein the electron transport material is a compound 
selected from the group consisting of the compounds 
represented by the folloWing chemical structures: 

t-Bu 

O 

PBD 

N— N 

t-Bu / \ 
N 

TAZ 
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14 

-continued 

9. An organic electroluminescent device comprising: 

a ?rst electrode; 

a hole transport layer formed on the ?rst electrode; 

an emission layer formed on the hole transport layer; 

an electron transport layer comprising an electron transport 
material and a blue emission material formed on the 

emission layer; 
an electrode injection layer formed directly on the electron 

transport layer; and 
a second electrode formed on the electrode injection layer, 

Wherein the blue emission material comprises a compound 
represented by the folloWing chemical structure: 

Compound (B) 

Q9 @o 
o o 
o o 
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and 

wherein the electron transport layer includes 30 Wt % to 70 
Wt % of the blue emission material based on the Weight 
of the electron transport material. 

10. The organic electroluminescent device of claim 9, 

Wherein the electron transport material comprises a com 
pound selected from the group consisting of the com 
pounds represented by the folloWing chemical struc 
tures: 

TAZ 

END 

20 

25 

16 

-continued 

OXD 

11. The organic electroluminescent device of claim 9, 
Wherein the electron transport layer is in the range of 150 A 

to 400 A thick. 
12. The organic electroluminescent device of claim 9, fur 

ther comprising: 
a layer selected from the group consisting of a hole injec 

tion layer and a hole blocking layer. 
13. The organic electroluminescent device of claim 9, 

Wherein a hole injection layer or the hole transport layer is 
formed betWeen the ?rst electrode and the emission layer. 

* * * * * 


